The use of food additives with xanthine oxidase (XO) inhibitory activity offers an alternative approach to hyperuricemic and gout disease treatment, and provides an example of antioxidant nutraceutics. The in vitro and in silico XO inhibitory activity of polyphenols from Uruguayan Tannat grape pomaces and propolis extracts was evaluated as well as the scavenging capacity of said compounds. When comparing propolis and grape pomace samples, the in vitro studies demonstrated that polyphenols extracted from propolis are more active as free radical scavengers than those from Tannat grape pomace. Both natural products effectively inhibited XO but the capacity of phenols present in GP is higher than the one present in P. The high content of anthocyanins in GP, absent in P, could account for this observation. In silico assays allowed us to determine relevant ligand-receptor interactions between polyphenols, from a database built with previously reported polyphenols from both natural products, and the active site of XO. The in silico results showed that compound (E)-isoprenylcaffeate from propolis was the best potential XO inhibitor displaying hydrophobic aromatic interaction between the conjugated ring of the caffeate moiety and polar interactions between hydroxyl groups from caffeate with the active site polar residues. Among grape poHow to cite this paper: Alvareda, E., Iribarne, F.,
Introduction
Xanthine oxidase (XO) participates in purine catabolism, generating uric acid as a final product and the release of reactive oxygen species (ROS) such as 2 O −  and H 2 O 2 . The exacerbated synthesis of uric acid causes the development of gout disease [1] [2] . At the same time, ROS are responsible for triggering a lot of disorders such as atherosclerosis, ageing, cancer, ulcer and inflammation [3] [4] [5] [6] [7] . Current gout treatments are palliative at the level of pain and chronic inflammation, and although treatments involving xanthine oxidase inhibitors are available, serious adverse effects have been reported [8] . In this context, natural products represent an important alternative. In particular, numerous polyphenols have been reported as relevant XO inhibitors [1] [2] [9] [10] [11] [12] . In addition, recent in vitro and in silico reports on XO inhibition by quercetin (a natural flavonoid) gave consistent and promising information to consider this natural flavonoid as a relevant compound for preventing gout and oxidative damage [13] . The antioxidant action mechanism of quercetin and its role on the inhibition of XO catalysis was also proposed. In this sense, the binding site for quercetin was mapped near the molybdopterin cofactor where the oxidation of xanthine (natural substrate) takes place. Thereafter, the reduction of the sub- Propolis (P) is a natural resinous product elaborated by honeybees (Apis mellifera) that displays a lot of biological activities such as antibacterial, antiviral, antifungal, anti-inflammatory, anticancer, and antioxidant [15] [16] .
Grape pomaces (GP) are a by-product of wine industry and consist mainly of peels (skins), seeds and stems. Antioxidant, antimicrobial, antimutagenic, anticarcinogenic and antilipogenic activities have been reported for GP [17] [18] .
Both P and GP, have been described as important sources of bioactive compounds, most of them polyphenols [17] [19] [20] [21] [22] . In this context, Yoshizumi et al. [16] suggested that a continuous intake of Chinese propolis may be effective for the prevention and the treatment of gout and hyperuricemia. Furthermore, ethanolic extracts from grape pomace increase the antioxidant properties of wines [18] .
In this work, we studied the total phenolic contents, the scavenging activity and, for the first time, the in vitro XO inhibitory activity of polyphenolic rich extracts from Uruguayan propolis and Tannat grape pomace. In addition, in silico assays were performed in an attempt to account for the molecular basis of the interaction between the enzyme and polyphenols-like compounds, present in the extracts according to previous reports [23] [24].
Materials and Methods

General
Folin-Ciocalteu' phenol reagent, 1,1-diphenyl-2-picryl-hydrazyl (DPPH 
Samples and Extracts
P and GP sampling and the respective extraction procedures were developed by our group and previously published [23] [24] . Briefly, propolis and Tannat grape pomace samples were collected in different zones form the south region of Uruguay.
Propolis Extracts
Samples of 1g weight were separately extracted. Waxes were removed by Soxhlet in 200 mL hexane during one hour and 12 refluxes. After evaporating the hexane and drying, they were grinded and phenols were extracted with ethanol-water (80 -20 v/v) during one hour at a 75˚C. Finally, 25 mL of extract were filtered and diluted to 50 mL with the same extraction solvent. The liquid extracts were stocked in dark at 4˚C until their analysis.
Grape Pomace Extracts
Frozen grape pomace samples were submitted during 24 hours to drying in vacuum at a temperature of 60˚C. The dry grape pomace samples were grinded and stocked in darkness. Phenols were extracted by reflux in a mixture of ethanol-water (80 -20 v/v) during 2 hours at 50˚C. After filtering, the extracts were conserved at 4˚C in darkness until their use.
Total Phenolic Content (Folin-Ciocalteau)
Total phenolic content was determined by means of Folin-Ciocalteau reagent using the method described by Singleton et al. [25] . The results are reported as mean values of GAE (gallic acid equivalents) in μM, using the calibration curve 
DPPH Radical Scavenging Activity
Free radical scavenging activities of extracts were analyzed, based on the principle of scavenging the DPPH (1,1-diphenyl-2-picrylhydrazyl) radical. The absorbance was measured at 517 nm; the procedure was the same described in Shimada et al. [26] . Acid ascorbic was used as a positive control and the results are reported as mean values of grams of ascorbic acid equivalents per 100 g dry extract.
In Vitro XO Inhibition Assays
The Xanthine Oxidase activity assay kit was used according to the manufacturer instructions. The measure of XO activity was performed by an enzyme assay, leading to a colorimetric (570 nm) blue product, proportional to the generated hydrogen peroxide (cat. MAK078, Sigma-Aldrich®, St. Louis, MO). Assays were performed in 15 min according to supplier instruction using 5 µL of samples in triplicate.
Xanthine Oxidase in Silico Assays
In Silico General Tools and Modeling
All in silico calculations and procedures were performed with the Molecular modeled and refined by energy minimization, using the MMF94x force field [32] . The resulting phenolic database was previously reported [24] .
The X-ray structure of mammalian xanthine oxidase complexed with quercetin (flavonoid inhibitor) at 2.0 Å resolution was obtained from the RCSB Protein Data Bank (PDBid: 3NVY) [14] .
Xanthine Oxidase Docking Procedure
The aforementioned crystallographic structure of the XO-quercetin complex was used as starting point for the docking procedure. As expected, one of the detected sites was the active site which accommodates quercetin, the same site identified by Hille et al. [33] next to the molybdopterin cofactor. The benzopyran moiety of quercetin is oriented between Phe914 and Phe1009 residues and the B ring is next to the molybdopterin cofactor named MTE1327-MOS1228, at the active site [14] [33].
For the docking calculations, a 4.5 Å sphere centered on quercetin was consi- This scheme had been developed previously by us [12] [23] [24] . The highest ranked poses were evaluated using the score and the relative position with re- 
Results and Discussion
The results for the different samples of Uruguayan propolis and tannat gape pomaces are summarized in 
Total Phenolic Content (Folin-Ciocalteau)
Both types (e.g. propolis and grape pomaces) of hydroalcoholic extracts showed different amount of polyphenols with the same extraction mixture. Phenolic contents of propolis extracts are higher (mean = 10.9 ± 0.3 GAE μM), than those of grape pomace (mean = 5.5 ± 0.9 GAE μM), evidencing that propolis extracts present more polyphenolic content ( Table 1 ). The GP 2010 Tannat sample (extracted in 2013) presented fewer phenols than the Tannat sample extracted in the same year that was collected (GP 2013), suggesting that the amount of polyphenols from grape pomace samples probably decreases with aging.
DPPH Radical Scavenging Activity and Xantine Oxidase in Vitro Assays
The evaluation of the antioxidant potential from the extracts was performed by the DPPH radical scavenging method. The results depicted in Table 1 show that the extracted polyphenols from propolis are far more active as free radical scavengers than those from grape pomace extracts. However, XO inhibition of P extracts is only slightly higher than that of GP ones (mean values of 44% and 36%, respectively). Considering that the total amount of phenols in GP is half the one measured in P, it may be suggested that the specific potency of phenols present in GP is higher than the capacity of those phenols present in P. In particular, the high content of anthocyanins in GP could account for this observa- Previously, it was also reported that, while the concentration of polyphenols remains constant after wine maturation, the anthocyanins concentration is diminished [39] . These finding may be also correlated with our observations in GP E. Alvareda et al. extracts: the decrease in XO inhibitory activity through time could be due to the decrease in anthocyanins concentration. However, more thorough studies are necessary to prove this hypothesis correct.
The in vitro results suggest that the extracted compounds are responsible for the XO inhibitory activity and, in turn, would be able to cause the decline in the amount of free radicals and the uric acid deposits. Indeed, the events mediated by polyphenols might cause a decrease in the evolution of gout disease, as well as the tissue damage reduction usually observed in other pathologies associated with an increase in ROS generation such as ischemia-reperfusion among others [40] . [20] . This very same database was previously reported by us [24] . 52 of the 60 compounds belong to GP extracts. This is consistent with the in vitro results observed for GP and P extracts from the same year, which show that the former presented the best inhibition.
Xanthine Oxidase in Silico Data Analysis
Docking Calculations
The best docked compound, the hydroxycinnamic acid derivative, ester (E)- Figure 1 . This interaction stabilizes the structure; a similar stacking was described by Wróblewski et al. [41] and by Cao et al. [14] . The isoprenyl portion appears exposed to the solvent (Figure 1 ).
In the Tannat GP extracts, the best docked compound was the anthocyanin named cyanidin-3-O-(6-(E)-p-coumaroyl)-glucoside. In Figure 2 , the most important interactions with the XO active site are depicted. The same π-π stacking interaction found for the binding of ester (E)-isoprenylcaffeate was also verified here but now between the coumaroyl moiety and Phe914 at a distance of 3.70 Å (also next to cofactor molybdopterin (molybdenum center). A hydrogen bonding with Thr1010 and an ionic interaction with Glu879 were also observed.
The results for both compounds in Figure 1 and Figure 2 suggest that the acceptor hydrogen bond interactions with the active site residue side chains, plus the hydrophobic factor embodied by π-π interactions between Phe914 and phenolic rings, play an important role in XO inhibition mechanism, as was previously suggested by Cao et al. [14] . Also, a hydrophilic environment seems to be preferred for the inhibitors, next to the molybdenum center near Arg880, Ser876, Glu802 or Glu1261.
The comparison between the in silico results and the in vitro experiments for XO inhibition would endorse our previous hypothesis in relation to the importance of anthocyanins. In effect, even allowing for the fact that the score differences are rather small across all compounds in Table S1 , anthocyanins represent over 60% of the 60 best docked compounds in XO, and half of the 10 best compounds.
Conclusions
XO inhibition and scavenging of free radicals are potentially a powerful strategy for hyperuricemia and the fight against oxidative stress.
In this work, we were able to prove that the Uruguayan P and Tannat GP extracts can act as free radical scavengers, with samples of propolis being significantly more active than those of grape pomaces. In addition, we have shown that P and GP samples are capable, to different extents, of inhibiting XO. However, XO inhibition by P extracts is only slightly higher than GP. Considering that the total amount of phenols in GP is half of that measured in P, we attribute these results to the anthocyanin-like compounds, only present in GP extracts. In other words, we believe that the superior inhibitor ability of GP extracts is mainly due 
